Physical exercise is one of the most important factors improving quality of life, but it is not feasible for patients with morbidity or limited mobility. Most previous studies focused on high-intensity or long-term exercise that causes metabolic stress or physiological adaption, respectively. Here, we studied how moderate-intensity swimming affects systemic inflammation in 6-8 week old C57BL/6J male mice during endotoxemia. One-hour swimming prevented hypokalemia, hypocalcemia, attenuated serum levels of inflammatory cytokines, increased anti-inflammatory cytokines but affected neither IL6 nor glycemia before or after the endotoxic challenge. Exercise attenuated serum TNF levels by inhibiting its production in the spleen through a mechanism mediated by the subdiaphragmatic vagus nerve but independent of the splenic nerve. Exercise increased serum levels of dopamine, and adrenalectomy prevented the potential of exercise to induce dopamine and to attenuate serum TNF levels. Dopaminergic agonist type-1, fenoldopam, inhibited TNF production in splenocytes. Conversely, dopaminergic antagonist type-1, butaclamol, attenuated exercise control of serum TNF levels. These results suggest that vagal induction of dopamine may contribute to the anti-inflammatory potential of physical exercise.
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A B S T R A C T
Physical exercise is one of the most important factors improving quality of life, but it is not feasible for patients with morbidity or limited mobility. Most previous studies focused on high-intensity or long-term exercise that causes metabolic stress or physiological adaption, respectively. Here, we studied how moderate-intensity swimming affects systemic inflammation in 6-8 week old C57BL/6J male mice during endotoxemia. One-hour swimming prevented hypokalemia, hypocalcemia, attenuated serum levels of inflammatory cytokines, increased anti-inflammatory cytokines but affected neither IL6 nor glycemia before or after the endotoxic challenge. Exercise attenuated serum TNF levels by inhibiting its production in the spleen through a mechanism mediated by the subdiaphragmatic vagus nerve but independent of the splenic nerve. Exercise increased serum levels of dopamine, and adrenalectomy prevented the potential of exercise to induce dopamine and to attenuate serum TNF levels. Dopaminergic agonist type-1, fenoldopam, inhibited TNF production in splenocytes. Conversely, dopaminergic antagonist type-1, butaclamol, attenuated exercise control of serum TNF levels. These results suggest that vagal induction of dopamine may contribute to the anti-inflammatory potential of physical exercise.
Introduction
Inflammation is critical to fight infections, but at the same time, it is a major clinical challenge in modern medicine contributing to multiple diseases including sepsis. Although sepsis is normally originated by an infection, severe sepsis remains a major clinical challenge in modern medicine killing over 250,000 Americans every year despite the efficacy of the new antibiotics (Angus and van der Poll, 2013; Martin et al., 2003; Ulloa, 2005; Ulloa and Tracey, 2005) . In addition to the infection, severe sepsis is also characterized by the overzealous production of inflammatory cytokines that cause detrimental systemic inflammation. New antibiotics are more effective in controlling infections, but they do not control deleterious inflammation. Among the inflammatory cytokines, Tumor Necrosis Factor (TNF) is a critical factor regulating the innate immune responses to infection or trauma (Angus, 2007; Hershey and Kahn, 2017; Martin et al., 2003; Sands et al., 1997; Ulloa and Deitch, 2009 ). However, excessive TNF production becomes more dangerous than the original infection and causes systemic inflammation, cardiovascular shock, and lethal multiple organ failure in sepsis (Cai et al., 2009; Tang et al., 2012; Tracey et al., 1987) . Inhibition of TNF production prevents septic shock, organ damage and improves survival in experimental endotoxemia, bacteremia, and sepsis (Feketeova et al., 2018; Remick et al., 1995; Tracey et al., 1987) . TNF is not only produced during infections, and it also plays a critical role in multiple aseptic inflammatory disorders such as rheumatoid arthritis (Bassi et al., 2017; Koopman et al., 2016) . In addition to TNF, sepsis is also characterized by the production of other inflammatory factors such as interleukin IL6 and interferon INF-γ that contribute to systemic inflammation and multiple organ failure. Thus, recent efforts focus on studying the mechanisms regulating the production of multiple inflammatory factors and their potential clinical translation for the treatment of infectious and inflammatory disorders.
Epidemiological studies show that physical exercise is among the most important factors regulating the immune system and improving quality of life (Gleeson, 2000; Gleeson et al., 2011; Gleeson et al., 2006; Hotamisligil, 2006; Mathis and Shoelson, 2011; Nieman, 2012 
